INTRODUCTION
Crown gall tumour initiation by Agrobacterium tumefaciens requires a functional Ti plasmid (Van Larebeke et al., 1975; Watson et al., 1975 ) and the ability to bind to a specific site on the host plant cell wall (Lippincott & Lippincott, 1969a; Lippincott et al., 1977; Rao et al., 1982) . Of the seven genera of bacteria tested only agrobacteria showed competition for this adherence site (Lippincott & Lippincott, 1969a ) and this specificity depends on the LPS of the cell envelope (Whatley et al., 1976) . The ability to produce site-binding LPS can be transferred with the Ti plasmid to non-binding plasmid-free strains. Several strains that lack the Ti plasmid, however, show site binding and produce site binding LPS, indicating that this character can be determined either by the Ti plasmid or by other bacterial genetic information (Whatley et al., 1978) .
When the IncW R plasmid, pSa, is introduced into A. tumefaciens, the recipient bacteria lose virulence (Loper & Kado, 1979). Farrand et al.
( 1 98 1) demonstrated that these highly attenuated pSa-containing strains still retain a complete Ti plasmid. Since the presence of a plasmid often affects the bacterial cell envelope (Elwell & Shipley, 1980; Hoffman et al., 1980) , we examined the site-binding ability of A. tumefaciens strains which contained both a Ti and a pSa plasmid. Data in this paper demonstrate that neither cells containing the pSa plasmid nor LPS prepared from them compete with tumorigenic A. tumefaciens in the infection assay, indicating that both lack the ability to adhere to potential tumour sites. Site-binding ability and infectivity are restored to these strains when they are cured of the pSa plasmid.
P . B . N E W A N D OTHERS

METHODS
Characteristics of tumourigenic Agrobacterium tumefaciens strains B6 and ATCC 15955 have been described (Lippincott & Lippincott, 1969b) . Strain 1D1 was received from C. I. Kado (University of California, Davis, U.S.A.) and is a single colony isolate of strain ATCC 15955 (Loper & Kado, 1979) . Avirulent strains lDl(pSa)# 1 and 1Dl(pSa)#2 were obtained by transferring the pSa plasmid from Escherichiu coli strain J53-l(pSa) into virulent strain 1D1 as described by Farrand et al. (1981) . Strain lDl(pSa)EtBr cured is a virulent strain and was derived by curing lDl(pSa) of the pSa plasmid by ethidium bromide treatment (Farrand et al., 1981) . The original laboratory designations of these strains were lDl(pSa)#l = SA TC#22; 1Dl(pSa)#2 = pSa #lo and 1Dl-(pSa)EtBr cured = EtBr cured #72.
Bacteria were grown to stationary phase (48 h) in nutrient broth/yeast extract medium, centrifuged and suspended in distilled water as previously described (Lippincott & Lippincott, 1969a ). Cells to be tested for adherence competition with strains B6, ATCC 15955 or 1D1 were inactivated by heating for 20 min at 60 "C (Lippincott & Lippincott, 1969a) .
LPS was prepared by a modification of the method of Westphallic Jann (1965) as described by Whatley et al. (1976) . It was dissolved in distilled water at a concentration of 80 pg ml-by heating at 55 "C.
For infectivity determinations tumourigenic A. tumefaciens was diluted to about lo9 viable cells ml-with distilled water and mixed 1 : 1 with either heat-treated bacteria at a concentration of about 4 x lo9 cells ml-in water or with 80 pg LPS ml-' in water. Infectivity was determined on pinto bean leaves by the method of Lippincott & Heberlein (1965) . In this competition assay substances which bind to the same site on the bean leaf as A. tumefaciens reduce the number of tumours formed by the virulent A. tumefaciens; the kinetics of the inhibition with whole cells follow a one particle type response curve (Lippincott & Lippincott, 1969a) while those of isolated LPS show a linear-log relation over a range of lo-* to mg ml-1 (Whatley, 1977) .
RESULTS A N D DISCUSSION
The presence of a pSa plasmid in addition to the Ti plasmid in A . tumefaciens strain ID1 causes loss of virulence on pinto bean leaves, in agreement with previous data on sunflower (Loper & Kado, 1979) , carrot and KaZanchoe (Farrand et at., 1981) . Two pSa-containing isolates showed no inhibition of gall formation when tested for ability to compete with tumourigenic strain B6 or parental strain 1 D 1 for adherence sites on pinto bean leaves (Table 1 ). In the same assay parental strain ID1 is inhibitory, as is strain B6 (Lippincott & Lippincott, 1969a). Agrobacterium tumefaciens containing both a Ti plasmid and a pSa plasmid was cured of the pSa plasmid by ethidium bromide treatment, resulting in restoration of virulence on carrots (Farrand et al., 1981) . Such a strain proved virulent on pinto bean leaves and showed adherence site competition (Table 1) .
Two separate LPS preparations were obtained from each of the pSa-containing 1D1 strains and from related virulent strain ATCC 15955. In all tests the ATCC 15955 LPS inhibited tumour initiation by virulent A . tumefaciens, while LPS from each of the pSa-containing strains was not inhibitory (Table2). This indicates that the LPS fractions from the pSa-containing strains do not compete for Agrobacterium binding sites.
These data show that the presence of the pSa plasmid in A . tumefaciens results in the production of a sufficiently modified LPS that it no longer exhibits site binding activity. The restoration of site adherence as well as virulence on removal of the pSa plasmid suggests a concomitant restoration of the original LPS structure. Preliminary comparisons of LPS preparations from pSa-containing bacteria and from strain ATCC 15955 by SDS-PAGE in 6% acrylamide gels (Jann et al., 1975) showed no qualitative differences in electrophoretic pattern. No apparent difference in carbohydrate content was detected among these LPS preparations. The relative amount of KDO to 'O-antigen' polysaccharide in the LPS from pSa-containing strains was somewhat lower than in the parental strain, but greater variation is found in LPS from several site binding strains of Agrobacterium.
Further comparative analyses should reveal the changes in Agrobacterium LPS due to plasmid pSa and show their relation to LPS structure in naturally occurring binding and non-binding agrobacteria. These data are consistent with previous results, which show that insertion of a Ti plasmid into non-adhering avirulent Agrobacterium strains is correlated with the appearance of virulence together with site binding ability in whole cells or extracted LPS and that plasmid curing reverses these changes (Whatley et al., 1978) . 
